Abstract Dark brown, necrotic pods with extensive water-soaked lesions caused by plant pathogenic bacteria were found on okra plants in different fields in Malaysia in 2010. PCR amplification of the pectate lyase (pel) gene and amplification of the 16S-23S rRNA (ITS) with G 1 and L 1 primers produced 434-, 535-and 570-bp fragments, respectively. From the similarity between the results of biochemical tests and their equivalency with standard bacteriological sources, PCR-based pel gene, and RFLP analysis of the ITS-PCR products, all isolates were identified as Pectobacterium carotovorum. This is the first report of P. carotovorum in okra from Malaysia.
Several species of plant pathogenic bacteria, mostly classified in the genus Pectobacterium and Dickeya, cause soft rot diseases of different plant families. Soft rot caused by P. carotovorum is an important disease on vegetables and has been reported in many countries including Thailand (Somchai et al. 1987) , Singapore (AVA 2001) and Malaysia (Nazerian et al. 2011) . Recently, the formerly named soft rot Erwinia bacteria were reclassified as Pectobacterium carotovorum after extensive taxonomic and molecular characterization (Avrova et al. 2002; Gardan et al. 2003; Hauben et al. 1998; Kwon et al. 1997 ).
Enzymes such as proteases and pectinases produced by
Pectobacterium during infection result in parenchymatous maceration (Kotoujansky 1987) . This maceration, which leads to cell death (Garibaldi and Battman 1971) , depends on factors such as temperature and moisture (Pérombelon and Kelman 1980) . For example, disease severity increases at temperatures between 25 and 30°C. Because no effective chemical control measures are available, providing favorable plant growth conditions by controlling weeds and planting clean materials and tolerant or resistant varieties (Toth et al. 1996) are the most effective control measures.
Although biochemical tests (Lelliot and Dickey 1984) have been developed to identify and characterize P. carotovorum, the tests cannot discriminate between all the species of Pectobacterium that cause soft rot. A PCR test, however, based on amplification of the pectate-lyaseencoding gene (pel gene), can be used to detect and identify all soft rot Pectobacterium except for P. carotovorum subsp. betavasculorum (Darrasse et al. 1994) . Amplification of the 16S-23S intergenic transcribed spacer (ITS) region that separates the rRNA genes yields good definition of length variations, especially when combined with restriction fragment length polymorphism (RFLP), and is suitable to differentiate strains (Toth et al. 2001) .
Among the different varieties of vegetables produced in Malaysia, okra [Abelmoschus esculentus (L.) Moench] is one of the varieties principally grown in the states of Johor, Kelantan and Pahang. The aims of this study were to use biochemical and molecular methods to identify and characterize the causal agent of a soft rot found on okra in Malaysia.
The bacterial strains were isolated from infected okra pods, and the reference strain SCRI 1949 of Pectobacterium carotovorum subsp. Carotovorum, obtained from the Scottish Crop Research Institute (SCRI), was included for comparison in each test.
Necrotic pods with dark brown discolorations and extensive-water soaked lesions, suspected to be caused by Pectobacterium, were sampled during 2010. Bacteria were isolated on nutrient agar using a standard protocol for plant samples (Schaad et al. 2001) . The inoculated plates were incubated at 30°C for 2 days, and colonies with a white to creamy color and irregular margin were selected and streaked onto Luria-Bertani (LB) agar (10 g casein hydrolysate, 5 g yeast extract, 10 g sodium chloride, 15 g agar in 1 L water, final pH 7.5). Cultures were stored in 20% glycerol at -20°C until required.
In pathogenicity tests, pods were surface-sterilized with 70% ethanol, washed with sterilized distilled water, cut into two pieces, and drop-inoculated with 50 lL of ca. 10 6 CFU/ml of a bacterial suspension of one of four strains (Luzzatto et al. 2007 ). Inoculated and uninoculated (control) samples were placed in a growth chamber with 80-90% relative humidity at 27°C. Symptoms that occurred 48 h after inoculation were the same as in the natural infection, while control samples inoculated with water remained healthy (Fig. 1 ). Koch's postulates were fulfilled by the re-isolation of a culture with the same characteristics as described earlier.
The test for a hypersensitive reaction (HR) after injection of ca. 10 8 CFU/ml of bacterial suspension on Nicotiana tabacum cv. Xanthi leaf epidermis was positive. Seven strains (six strains from okra and one reference strain) were assessed biochemically (Schaad et al. 2001) , morphologically and molecularly. Biochemical and morphological tests gave the following results: Gram negative, facultative anaerobe, rod-shaped, oxidase negative, phosphatase negative, able to degrade pectate, insensitive to erythromycin; negative for malonate utilization, indole production, reduction of sugars from sucrose, and for acid production from a-methyl-D-glycoside, maltose, arabitol and sorbitol; and positive for citrate, raffinose, melibiose, trehalose, and lactose acidification.
PCR conditions for pel gene amplification were those of Darrasse et al. (1994) . Two oligonucleotides, namely Y 1 (5 0 -TTACCGGACGCCGAGCTGTGGCGT-3 0 ) and Y 2 5 0 CAGGAAGATGTCGTTATCGCGAGT3 0 ), were used as primers. The PCR products were electrophoresed on 1% agarose gel, stained with ethidium bromide and visualized under UV light. An amplified fragment of ca. 434 bp was obtained from all strains (Fig. 2) . The ITS-PCR was done as described by Toth et al. (2001) using universal primers G 1 (5 0 -GAAGTCG TAACAAGG-3 0 ) and L 1 (5 0 -CAAGG CATC CACCGT-3 0 ). Two main bands of ca. 535 and 570 bp were obtained from amplification of the ITS-PCR products in 2% agarose gel (Fig. 3) . When the ITS-PCR products were digested with RsaI restriction enzyme, three bands of ca. 195, 355, 520 bp migrated in 1.5% agarose gel (Fig. 4) , differing slightly in size from the reference strain (SCRI 1949) . Because the geographic origin of the present strains from Malaysia differs from that of the reference strain, partial differences in the banding pattern of the ITS-RFLP after RsaI restriction enzyme can be expected. For discrimination between P. carotovorum and P. odoriferum, all strains were subjected to the a-methyl-D-glucoside test. On the basis of the biochemical and physiological characteristics and results of PCR-based pel gene analysis, the ITS-PCR and the ITS-PCR with RsaI digestion, all isolates were identified as P. carotovorum.
Because the symptoms caused by P. carotovorum resemble those of soft rot caused by other soft rot bacteria, The development of a specific, rapid diagnostic method for soft rot bacteria is noteworthy with regard to import and export regulations for farm and greenhouse products. Results using primers Y 1 /Y 2 , which amplified the expected bands from the isolates, were in accord with the classification based on physiological and biochemical features, Gen Plant Pathol (2011) 77:292-294 293 and P. carotovorum was generally isolated from the infected okra. The bands yieldd by G 1 /L 1 primers were ca. 535 and 570 bp. Due to the similarity in banding patterns between P. carotovorum and P. odoriferum in ITS-RFLP and the separation of these two from each other, the use of the a-methyl-D-glucoside test is suggested. Because of the high humidity and temperature, and prevalence of P. carotovorum in Malaysian fields and greenhouses, the disease is not unexpected. Therefore, using observations to determine the percentage of plants with soft rot caused by P. carotovorum in Malaysian farms and greenhouses is not conclusive, and complementary tests are needed to confirm the identity of the pathogen. Compared with biochemical and physiological tests, the PCR method with the use of suitable primers is preferred because it is cheaper and easier. 
